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INTRODUCTION 


The following study of several of the 8011 minerals 
hes been underteken te follow the strueturel chenges during 
the adsorption of water and to observe the manner in which 
the perticles of soil minerals settle cut from suspensions 
in water rather then to arrive et a structure for eny of 
the minerals etudied. It e heped thet this study of some 
of the pure minerals found in various sofle may be of value 
in the study of the more complicated soll itself. 

fo investigate the structure of a substance by means 
of xerays, use is made of the fact thet a erystalline sub- 
stance consists of reguler ly spaced atome and thet these 
atone form plones within the crystal. Since the déistence 
between these plenes is of approximetely the same order as 
the wave length of x-rays, then the erystal may be used as 
a setisfectory diffraction ereting for xereys, The Drage 
method of rey enelysis makes use of the following simple 
low, n A = d sino where d is the distence between the 
plenes of the cryetel, X 1e the wave length of the ineident 
radiation, and O ie the angle of reflection from the plenes 
of the crystal. n represents the order of the reflection, 
end i¢ sone smell whole mumber. In this method of analysis, 


the wave length N le known accurately end the tan 206 can 
be obtained from the film measurements. Prom this the sin 
@ ean be ealewleted and thus the ratio f mey be evaluated. 
Since it is usually possible to determine n, d may be 
found. In practice, the erystel ie oscillated about one 
ef the axes through the required angle to obtain the dif- 
fraction from the plenes. This method of enalysis is best 
used with erystals of sufficient size thet they may be 
eesily hendled. 

In the following investication, the particle size of 
the mineral wae fer too smell to permit the use of the 
method deseribed. Debye and Scherrer in Europe and Bull in 
America disecvered Independent ly that a powder may be used 
very satiefaectorily, to a certein extent, in a determina 
tion of the structure. Advantage is teken of the fect that 
in a power there are a large number of minute crystals 
arranged in an entirely chaotic manner, but in this sheotic 
errengement there ere enough perticlee situated in the 
correct position te give diffraction from any one set of 
plenes. Purthermore, because of the lerge number of parti- 
cles in the random arrangement, all the plenes ere repre+ 
sented in the pattern. Thus, e diffraction pattern of this 
type consists of concentric rings around the primery beam. 


Each ring fe of uniform intensity and corresponds to one 
perticuler set of planes et @ dtetance d from each other. 
Consequently, this method of obteining e diffreetion pate 
tern lends itself psrticulerly well to a study of the 8011 
minerale and the changes they undergo when they take up 
water whether the change le the formation of a compound or 
merely swellings 

mn the pewter pattern, the particles ere situated in 
en entirely random position giving rise te eeneentric rings 
of uniform intensity. If e fibered material is x«raysd 
instead of a powder and the diffracted rays recorded on a 
flat film perpendicular to the primary beam, the pattern 
will consist of ringe that are not of uniform intensity. 
Instead, the éiffrection rings ere very intense in certain 
localities indiceting there ere more perticles so situated 
for thet perticuler reflection end in other localities of 
the seme ring, the inteneity 1e very weak indicating only 
e few particles oriented for that reflection. Thus, a 
fiber pattern consists of ares or spots through which may 
de dream a ring that would ordinarily exist in thet poe 
sition if there were no orientetion. 

Since the individual perticles of bentonite, pyrephyl- 

lite, tele, and the means are thought to be plates or 


lemeller in shape, then, upon settling out from suspension 
in weter ente a smooth surface, these plates should show a 
tenéeney to lie flat on thie surface resulting in a leyer 
of perticles that has more symmetry then a randow errange+- 
ment. By carefully remeving end drying this film, it may 
be exemined by xeraying suall strips or fibers cut from the 
dried film to test fer eny orientetion of the particles. 
The kind and site of particles and the time of settling 
before inserting the flat surface to cateh them are the 
most important fectors for obtaining good orientetion 
petterns. 


A study of the moisture content of soile and 8011 
minerals reveals that the water teken up and held by the 
8011 may be elessified inte different groups. Baver and 
Horner (1) consider three groupe: 


{1) Combined water, or vater that is chemically bound 
into the structure. 


(2) Adsorbed water, or that water which is adsorbed 
upon the surface and in the pores of the colloid. 


(3) Capillery and osmotically imbibed water. 
fhe combined water consists of the water that ts driven 
off by ignition bet not et 110° , The adsorbed water 


(hygreseopie water) is the amount of water taken up on the 
exposure of the dry substence to en atmosphere of known 
relative humidity, The eapillery and osmotically imbibed 
vater is that water taken up by the substance when brought 
Into contect with a water surface, The exect nature of the 
forces which hold the osmotically imbibed water are not 
known (13). 

Kelley, Jenny, end Brown (12) further define the 
"adsorbed vater“ as that amount of water given off below 
400° . They eleo speak of “erystel lattice” water and 
def ine it es being that portion of the tetal water which 
comes off at the nearly vertical branch in the dehydration 
eurve. The edserbed water, as they speak of it, may be 
divided into two groups; the feldspar end the bentonitic 
types. This division is based upon the two different 
kinds of dehydration curves es given by the feldspers and 
the bentonitie types of minerals, the former losing its 
edsorbed water at à rather uniform rate end the letter 
losing sbout 88 per cent at 100° , An explanation of these 
eifferences is offered by calling the feldsper water broken 
bond" water and the bentonitic type es being plenar 
waters 

Jaeger (10) depicts bie arrangements of ultremarine 


{a mineral very simller to the geolites and having a very 
high bese exchange cepacity) in which en arrangement of the 
silicon and eluminum tetrahedra allows a cavity te form in 
the center of the space groupings It is in this cavity 
that e large number of the exchangeable cations and loosely 
held weter molecules exist. At the edges of the arrange~ 
nent, there exist broken bonds that attract the strongly 
polar water molecules and they are thus tightly held. Sinee 
other arrangements of the tetrahedra are possible, an exe 
planation of the bentonitic or planer type cf water is 
offered. Here the 81-00-81“ and "O%+Al~08" plenes ere made 
up of rings consisting of six linked tetrehedre and theo- 
retically, at least, have an infinitely large area. The 
importent feature of these planes is the absence of broken 
bonds and free electric ficlés within the plene iteelf. 

The only attraction present in these planes is the week 
extraneous electric fields end ecnsequently the water thus 
held is easily given off, even et low temperatures. This 
type of water, then, is held between layers within the 
molecule and thue a large amount of weter between the 
planes would tend to cause those planes to be swelled 
apart. This phenomenon has been reported by Hofmann, 
Enéell, end Wile (9), Hofmann and Bilke (8), and Bradley, 


Grim, and Clerk (@). Most of the awelling takes place be- 
tween the 001 planer. 

Kelley, Jenny, end Brown (12) show (from the dehydra« 
tion curves) that beidellite and the bentonites contain 
considerable adsorbed water and ere of the planer type, 
whereas keolin and halloysite show the presence of consid« 
erable crystal lettice water, These curves agree well with 
those given by Rees end Kerr (14, 18). 

It hae been suggested by Wherry (18) that bentonite is 
@ one dimensional oller being micrescopic in breadth but 
ef colloidal thiezness, Ross and Shannen (16) show that 
the most importent constituent of certain bentonites is 
the micaceous crystalline minerel, montmorillonite and 
eonelude thet the erystels of bentonite ere lameller in 
form. Kelley, Dore, end Brown (11) agree that this is 
likely and also report thet bentonite setuerated with 
verions exchangeable cetione gives rey patterns essenti« 
ally the seme as the origine bentonite. 

The work of Bragg (3) hes been of grest value in de- 
termining the aetuel streeture of many of the minerels and 
naturally occurring silieetes. The aetual size of the 
individual fom is one of the determining factors of the 
shape of the building unit in constructing a erystel, ale 


though It cannot be said thet any particular ion hes a 
rigid beundary inside which all the electrons are grouped, 
it may be assumed that such a hypothetical boundary exists 
because the repulsive forees de not permit the approach of 
one ion to another eloser then the value of the interatomic 
Gistenee. These ions, then, may be considered es impenee 
trable spheres of cherecteristic diemeters. A few of the 
ente radii in 2, (Ingetrem units) as listed by Bragg (3) 
are as followst Me 0.06, Mg 0678, Al 0.57, Si 0.29, 

K 1.88, Ca 1.06, Fe 0.83, and Fe 0.67. 

Knowing the reletive siser of the various ions that 
make up the eiliestes, it is more easily seen why the ele- 
mente arrange themselves into a tetrahedron or cetshedrone 
Aecording to Bragg (5), Clark (4), end Wyekoff (19), the 
silicon fon, because of its omell Clameter, fe elways found 
located between four oxygen atoms, The silicon-oxzygen dise 
tance ie given by Bragg (3) en 1.6 4. and the cxygene-oxzy~ 
gen ctetance as being 2.6 4. 

The framework of the silicetes may be considered as the 
result of « linking of the silicon tetrahedrons in a manner 
simiier to thet of polymerization. The simplest ere the 
orthesilicates or those containing seperate S10, groups. 
Zach oxygen is attached to one and only one silicon atom, 
the other bend being attached to some metallic fon. Two of 


these tetrehedra may be linked together by a common oxygen 
atom to form the group 81%. The ecamon oxygen in this 
dase 1e inert, leaving the three oxygens at each end of the 
double tetrahedra with one negative charge each. Those are 
called the active points of the complex and have cations 
attached to them, Three of these groups attached In such 
@ manner to form a ring give the grouping 820% A ring of 
four tetrahedra is given by Bragg (5) and by Jaeger (10) as 
the likely structure of certain zeolites although they 
think thet these ringe are linked together by aluninum-oxzy~ 
gon tetrahedra. Still enother possibility is the six 
tetrahedron ring having the group 81601 Chains of these 
six membered rings are formed when the rings are joined to 
each other in a fashion similar to that of naphthalene and 
anthracene. Sheets cf these rings are formed when the 
rings are joined te each other in a fashion similer to that 
of phenenthrone. 

According te the accepted ideas of the structure of 
tale, pyrophyllite, kaolinite, and the micas, as given dy 
Brace (3), and Wyekeff (19), the aten are arranged in 
sheets. because of these sheets, these minerals possess a 
fleky strueture and cleave easily between these sheets, 
giving rise to smaller particles of lameller shape. This 


agrees well with Ross and Shennon (16) end Kelley, Dore, 
end Brown (11) in that they believe that the crystals of 
bentonite and montmorillonite are lemeller in shape. 
Hendricks and Fry (7) report that during the evaporetion 
and érying of suspensions of certain minerale in water 
the particles tend to orient themselves into a resuler 
arrangement as was shown by petrogrephie study. Clark, 
Grim, and Bredley (5) have obteined x-ray patterns from 
flakes of kacolinitic and miceaceous eleys which show a 
fibered structure. 


Sidert (17) reported there was no difference in rey 


patterne for dry and swollen 801 1 and cone luded that the 
crystalline substence did not teke part in the swelling. 
He showed, however, that the mein constituent ef the 
erystelline material studied was quarts. 

Figure 1, taken from Hofmann and Mike (8), depicts 
thelr arrangement of the montmcrillonite erystal and the 
variable 001 spacing within which the water may be ad- 
sorbed. Figure b, also from Hefmann and Bilke (8), shows 
an arrangenent of @ silicon-oxygen plane end the broken 
bonds which result from breaking the crystal. Tons or 
molecules held to these broken bonds are tightly held but 
ere replaceable. 
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Hofmenn, Ende, and in (9) reported thet bentonite 
end related clays, upon adsorption of water or other 
poler compounds, exhibite a reversible, one dimensional, 
inner erystalline swelling between the 001 planes of the 
montmorillonite crystal. Hofmann and Bilke (6) found thet 
the meximum swelling in the 001 spacings of socium mont 
morillonite was much larger than that of the hydrogen or 
ealeium seturated montmorillonite. This, they say, is 
evidence that some of the exchangeable cations are held 
within the variable epaeing of the erystel. Furthermore, 
Hofmann and asseciates (6, 9) end Bradley, drin, and 
Clerk (2) showed that the magnitude of the 001 spacings of 
some 8011 minerele depended on the amount of water in the 
semple. Gleseking (6) reports that bentonite saturated 
with various lerge substituted emmonium tons 614 not show 
the seme swelling of the 001 plenes when treated with 
water as did the calcium, hydrogen, and sedium bentonite 
when so treated. 


BXPERIMENTAL PROCEDURE 
Seuree and Preperation of kater als 


The 86011 minerale used in this stuéy were obtained 
through the dard Mineral Conpeny and dens frou verious 
parte of the United States. The montmorillonite came fron 
‘Yavapai county, Arizona. The keolin wes teken from 
Mitehell county, North Carolina end eonteined no lerge 
lumps. The source of the pyrophyliite was near Badin, 
North Cerelina. Beth the halleysite and allephane were 
obteined near Bedford, Indiana. The bentonite wee a Wyo< 
ming bentonite. All the minerals seemed to be fairly free 
from impurities except the helloysite which contained a 
few inclusions sugvesting the presence of iron. The monte 
morillonite, pyrophyllite, halloysite, and allophane, as 
received, were lumpy. 

The caleium and emmontum saturated bentonites were 
obtained from the Nansae Acrieulture] Experiment Station. 
The potassium bentonite was prepared by the author by 
leaching bentonite with a seturated solution of potassium 
ehloride to remove the exchangeable bases. The bentonite 


was centrifuged from suspension after each leaching and 
was washed once with distilled water end then repeatedly 
with 60 per cent ethyl alechol t111 free from chlorides. 
fo prevent ceking, the potassium bentonite was dehydrated 
by a process of washing, first with absolute alechol and 
then with enhydrous ether followed by rapid filtering end 
drying in a vacuum desiceator. Thies procedure resuited in 
a dry, powdered product, 

Except for the bentonite, which was already very ne- 
ly divided, ell the minerals were further ground. The 
montmorillonite, pyrophyllite, helloysite, and ellophene 
were lumpy and had to be first erushed and then ground in 
a Breun Pulveriser. This product represente the crudely 
ground mineral. Xeray diffraction patterns of this product 
(in the ease of pyrophyllite end kaolin) indicated that 
the perticles were still relatively large. To obtein a 
mineral of still smelier perticle size, the samples were 
ground In a ball mill constructed of solid steel, the bowl 
of which wes two and one-half inches in diameter and four 
and one«helf inches deep and turned out in such a manner 
that there were no corners for the mineral to gather ins 
The top of the bowl vas turned cut in a similer fashion. 
Sixty steel ball bearings, three-eighths inch in diameter, 
were used inside. To prevent the mineral from clinging to 
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the sides of the bewl end the belle, the bowl was pertially 
filled with petroleum ether. A lead gasket prevented the 
escape of the fluid. Grinding in this bell 411 from ten 
to twenty-four hours reduced the mineral to particles of 
almost colloidal size and cave smooth rey diffrection 
patterns. At the end of the grinding operation, it was 
only necessery to evaporate off the petroleum ether to 
obtain the dry powdered material. 


Xereay Equipment Used 


The xerediation wae from a Philips Metalix Fein 
Struktur rey tube employing a hot filement and copper 
terget and was operated at a potential of 27 kflovoltes 
and a current of 20 te 26 milifemperea. The radiation 
was filtered with a nicirel fell o. % inch thick to give 
nearly monochromatic Cu Ke xerays of wave length 1.54 
1. 

The transmission patterns were obtained dy mounting 
the sample over the pinhole system through which emerged 
& small “pencil” of xerays. The Giffracted x«rays were 
recorded upon ea flat film set perpendicular to the primary 
beam end at a distance of 5 ems from the sample, The size 
of the pinhole varied from 0.025 to 0.04 inch in diameters 


In obtaining the long narrow patterns, a round camera 
wes used in which the powdered sample was shaped into a 
wedge and mounted at the center of the ceuera, A 62811 
beam of xerays was allowed to impinge upon this wedge from 
ite sige and the diffracted x-rays were reeorded upon the 
long narrow film held in place om the cireumference of the 
ceneras 

Sinee the distances between the various planes of 
sodium chloride are sceuretely known, this substance was 
used to calibrate the round camera. The distances (em.) 
fron the undeviated beam to the lines on the film were 
plotted against their Wade nnen Suds 60 thet 
In order to obtain the interplenar specings it was only 
necessary to measure the distance on the film and reed 
Une spacing fem the gregh divestly in As This calibration 
eliminetes the errcere that would be caused by the film's 
not being located exactly on the eireumference of the 
camera. 


Determination of Adsorbed Water 


A study of the adsorption of water by certain of 
these minerals was undertaken end the structural changes 


accompanying thie adsorption were followed by the change 
in the mineral's xeray diffraction pattern. The minerals 
employed, for this study, were pyrophyllite, montmorillo- 
nite, bentonite, and bentonite satureted with caleium and 
ammonium ions. The method consisted of bringing weighed 
sexples of the minerals to constant weight in atmospheres 
over 10, 26, 45, and 96 per cent sulfuric seid solutions 
kept in desieccators. The totel smount of water held by 
the minerals is given in Tables 1 and F. At first some 
éiffieulty wee experienced in bringing the samples to 
constant weight due to the fluctuations of the room tem- 
perature. Keeping the temperature constant within 80 c. 
eliminated most of this trouble. When equilibrium was 
reached (usually in about four te six weeke) semples were 
moisture tight cell with mica windows and x-rayed. To 
obtain the maximum swelling possible, the mineral wes 
stirred up with en excess of distilled water in a test 
tube and allowed to soak for a period of time (usually 
from three to six days) end then sealed inte a moisture 
tient cell with mice windows and x-rayed. The minimum 
evelline wee determined by igniting semples of the mine 
erels end xeraying them ae mentioned above. The xeray 
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pat terne for the minerals thus treated were measured and 
the resulte are given in Tables 3, 4, 6, 6 and 7. 


Orientation of Perticles Settling from Suspension 


The samples to be xerayed were prepared in the fole 
lowing manner? 

Approximately one gram (0.5 gram for all bentonite 
sémples) of the crudely ground minerel was thoroughly 
shaken up in 100 cc. of water in a volumetric flack and 
allowed te soak from 24 hours to 8 weeks to insure 
thercagh wetting of the sample. During this soaking 
period, the suspension vas frequently shaken. After 
thoroughly soaking, the suspension was again shaken, 
poured into a clean 100 ee. beaker and the particles 
allowed to settle for «a time varying from two minutes to 
eix hours depending upon the mineral and the size of the 
perticies. At the end of thie settling period, a clean 
@lens plate (one<half of a microscope slide) was carefully 
and slowly lowered inte the suepension se as to cateh the 
remainder of the settling particles. When the suspension 
hed cleared or when no chenge was noticed in the amount of 
materiel remaining suspended, the glase plate was slowly 


and carefully removed end allowed to dry, usually from one 
te three days. To be xerayed, the samples were eut from 
the glass plate in the form of e fiber with a sharp raser 
diade in such a manner as to get a section of the settled 
film approximately one«fourth to one-half mm. wide and 
five or six mre long and of the thickness of the film. 
These fibers were mounted onto a small, thin piece of wood 
in such a memer that the rey beam was passed through 
the fiber parallel to the plates but perpendiculer to the 
direetion of settling. 


The totel amount of water taken up and held by the 
montmorillonite, pyrophyllite, and the ealeium end 
ammonium bentonites upon the exposure to atmospheres of 
varying relative humidity 1e given in Table 1. Table @ 
gives similar date for the original bentonite. The per- 
centages given ere based upon the muffle dry material. 
The concentration of the sulfuric acid solutions referred 
to in Table 1 was determined by titrating portions of 
weighed semples of the acid with a standerd base. The 
concentration of the sulfuric ecid solutions mentioned in 
Table 2 was determined by their specific gravitioes.s 
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The xray ciffreetion patterns obteined from the 
bentonite, montmorillonite, pyrophyliite, calcium ben- 
tonite, and emmonium bentonite have teen measured and the 
values of the interplanar spacings are given 1 Tables 8, 
4, 8, 8 and 7. ene 00 e engrossed tn . and the 
lettere fellewing the spacings designate their intensities 


es followst 


vs = very strong 
es * strong 
m w medium 
w = week 
ve very veel 
vww * very, very week 
Spacinge followed by vv are definitely present but 
the exact position ef the line is somewhet uncerteins — 
fhe interplenar spacings of air-dried samples of 
pyrophyllite, montmorillonite, and hallorsite are given in 
Table 9. Table 8 shows the veriation of the 001 spacings 
of the minerals upon edsorption of vater in atmospheres 
of different relative humidities. Figes 3, 4 and B show 
respectively the - ray diffraction patterns for the air 
éried pyrephyllite, the pyrophyllite suspension film as 
xerayed perpendieculer to the plates ans the same suspension 
film as x«rayed parallel to the pletes, Figse 6, 7 and & 


give similar patterns for bentonite. 


Plate III showe the ray diffrection patterns for 
eeleiun bentonite with different degrees of hydration. 
The spots that appear on these 1 ffract ion patterns are 
Laue spots of the mics used as windows for the moisture 
eight cell and in no wey effect the position or measure« 
nent of the rings. 


Teble 1. Moisture content (in cent) of minerals kept 
over sulfuric seid solutions. 


: Strength of nesog (in per cent) 


Montmorillonite 11.83 $2.42 48. 8 88. 4% 


Pyrophyllite 7.61 9.18 9.76 15.43 
Cale lun 

bentonite 7.51 20.52 27.55 35.14 
Annonium 

bentonite 7.85 14.07 18.89 29.7 


Table 2. Moisture content (in per cent) of bentonite kept 
over sulfuric acid solutions. 


3: 92 74 58.8 40 


Fer cent 
vater 1.82 2.33 3.54 9.79 20.4 80.4 
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Table 9. Interplenar hc in 2. for the airedried 


semplee of py lite, montmorillonite, and 
Line number 2 Interplanar spacing 
Pyrophyllite 
1 19.30 
2 9.46 
3 4.86 
2 3.05 
8 2.64 
6 2-52 
Kontmort lionite 
1 20.85 
14.08 
23 4.70 
3 4.31 
2 2.47 
Ralloysite 


n 8 i 
5 


DISCUSSION OF RESULTS 


The moisture content of the minerals as given in 
Tables 1 and © shows wide veriations in the ameunt of water 
taken up by the verious minerels in different atmospheres. 
The montmorillonite over 10 per cent sulfuric aeid tock up 
5847 per cent of ite weight of weter or more than five 
times as much es it took up ever 96 per cent sulfuric acid. 
Pyrophyllite doubled its water content from an atmosphere 
over 96 per cent sulfuric acid to one over 10 per cent 
uifurte acid, The esletum ane emmonium bentonites! tock 
up five and four tines, respectively, as mich water over 
the 10 per cent sulfuric seid as they die over 96 per cent 
sulfurie acid, The ortginal bentonite” tock up slmost 17 
tines as wuuch water over 10.8 per cent sulfuric acid as it 
ed over 92 per cent sulfuric acid. It should de noted 
that the bentonite was brought to constent weight cover 17 


1 fhe ealetum end ammonium bentonites were prepared by and 


obtained from Dre A. 7. Perkins of the Kansas Agriculture 
al Experiment Station. 


The moisture content of the originel bentonite wes deter- 
mineé by Dr. 4, T. Perkins of the Kansas Agricultural 
Experiment Station. 


ferent sulfuric acid solutions than those used for the 
other materials. At the end of the moisture determination 
for the caletum and emmonium bentonites, a mold appesred on 
the surface of the minerals kept over 10 per cent sulfuric 
acide | 

The xeray diffraction data, es given In Tables 8, 4, 
6, 7 and 8, shew thet considerable change oceure in the 
longer speecings when vater 1 intredueed inte the sample. 
These changes were very lerge for all the minerals 
studied, except pyrophyllite, whieh shows prectically no 
change even for wide variations in treatment such as heat- 
ing in the muffle or scaking in waters 

According to Hofmann, Endell, and Wilm (9), Hofmenn 
end Ice (8), Sredley, Grim, and Clerk (2), and Gleseking 
(6), the 001 spacing ie the innermoet ring eo prominent in 
the diffraction patterne. In this study, it was this ring 
thet wes most prominent and eherp and showed lerge verie« 
tions when the minerals, except pyrophyllite, were treated 
with water. Table 8 gives the value of these spacings for 
the different minerals and the treatment civen for that 
perticuler spacing. It is interesting to note that, except 
for the pyrophyllite, the specings were a1] inereased by 
the introduction of water into the semple indicating that 


the edsorbed water hed inereesed the interplener 4istence 
ef the 001 planes. 

Tables 5, 4, &, 6 and 7 give, with a few exceptions, 
values for d greater then thet for the 001 specings. This 
value is obtained from an inner hale (Plate ITI) whieh lies 
very close to the primary beam. Measurement was made of 
its edge which was rather poorly defined being, in some 
cases, very diffuse. Usually, the higher the water content 
eof the semple, the more definite wes its edge. Because of 
the diffuse nature of these halos, the interplenar distance 
given for them mst be taken cautiously. 0 satisfactory 
explanation of the cause of this spacing is offered, 

When bentonite wes treated with en excess of water and 
allowed to soak end then x-rayed, the ring corresponding to 
the 001 spacing, as well as the inner helo, disappeared 
inte the central spot indiesting a very large swelling of 
these plenes. When potassium bentonite was treated in a 
similar fashion, the seme resulte were obtained. Men the 
calcium and ammonium bentonites, however, the results are 
different. The 001 spacing is increased considerably, but 
not to the extent of disappearing as it did for the bene 
tonite and potassium bentonite. As with the inner helo, 
the intensity and sharpness of the 001 spacing was enhanced 
by ineressing the amount of water in the mineral. 


The measurements for the meray aiffraction patterns 
for the air-dried montmorillonite, pyrophyllite, end 
helloysite are given In Table 9. Attempts to secure orien- 
tation patterns from allophane resulted in very poor orien- 
tation or none at ell. Halloysite exhibited some orienta- 
tion though 1t was not pronounced, The pyrophyllite and 
bentonite gave excellent orientation patterne even to the 
extent of complete extinction of parts of certain rings and 
very intensive interference in ether parte of the same ring. 
Even in the best of the orientation patterns, certain rings 
apreer without much change tn intensity. 

As hes been mentioned previously, the orientation 
patterns were obtained by x-raying the strip with the beam 
peesine through the strip parallel to the plates. When the 
sane strip was xerayed by paseing the beam through the 
etrip perpendiculer to the plates, a very smooth pattern, 
somewhat similer to e powder pattern, was obtained. A 
few distinct differences, however, were observed. | 

The powder patterne for airedry pyrophyllite and bene 
tonite showed the presence of psrticles too lerge to give 
smooth diffraction rings, F188. 8 and 6. In the patterns 
taken from the strips, the rings and ares were all smooth 
which indleated the absence of the lerge pertieles, Figse 
4, 5, 7 and 8. 


In the settling process, the lerger particles undoubt}~ 
edly hed settled out faster than the smaller ones end were 
thus eliminated from the sample. 

Fg. & shows a fiber pattern of pyrophyllite x-rayed 
parallel te the plates and is typical of some of the better 
ortentetion patterns obtained, Figs 4 shows a fiber pattern 
of pyrophyllite x-rayed perpendicular to the plates and 
wes cut from the same sample as that for Fig. 5. Differ 
ences other than the ares and rings of these patterns were 
observed. . 

It will be noticed in Figs. 4 and 7 thet the ringe in 
the position where the ares form in Fig. 8 and 8 are 
either absent or week. A satisfactory explanation of this 
ean be made by ascuming the particles to be plate-like in 
shape end as they settled out they built up on the flat 
surface in layers. “hen strips of this aried leyer or 
film ere xerayed with the beam parallel to these plates, 
the reguler arrangement of particles with certain leyers 
parallel te each other act es ae diffraction grating and 
give rise to the ares mentioned above, Purthermore, if 
these strips were x-rayed with the beam perpendiculer to 
these plates it should give rise te a pattern someshet 
ini lar te a powder pattern because to the beem of x-rays 


Explenetion of ate 1 
Figs 3. Trey diffraction pattern of eiredried 
pyrophyllite. 


Fige 4. = tog diffraction pattern of llite 
In xereyed perpendiculer to pla CBs 


Fige & rey diffraction pattern of pyrophyllite 
film xerayed pereliel te plates. 
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Ezplenation of Plate IT 
Figs 6. Nr diffraction pattern of eiredried 
bentonite. 
Pigs 7. Xerey diffraction of bentonite film 
xerayed perpendicu 


to plates. 


Fig. 8. KXerey diffraction pattern of bentonite film 
x-rayed perallel to plates. 


Pige 9. 


Figs 10. 
Fig. 11. 
Fig. 18. 
Pigs 18. 


Fite 14. 


Explenation of Pilate III 


Keray diffraction pattern for calcium 
bentonite with excess waters 


Xrey diffraction pattern for caleium 
— kept over 10 per cent sulfuric 
ac 


Xray diffraction pettern fer ecaleium 
2 kept over 26 per cent sulfuric 
8018. 


Xerey diffraction pattern for calcium 
ee ee sulfuric 
ae. 3 


Lrey diffraction pattern for celeium 
VVV 
Stic. 


aiffraction pattern of ignited 


40 


the fiber in this position presents its particles only in a 
random position. In this case, the “diffraction grating" 
ie seen on ite edge by the x-rays and time no eres ere 
formed. Sinee the pilates sre lined up te give diffraction 
when seen on their sides, they could not give diffraction 
when “seen” from above and thus certain of the lines 

_ Should be absent or very week. 

In the pyrophyllite films (Figs 5), very definite and 
intense arce occur at 9.06, 4056, and 3.05 L. and ere un- 
doubtedly the first, second and third order reflections. 
Ring 3 in the pyrophyllite pattern (Pig. 4) seems to show 
two seperate rings and in the fiber pattern (718. 5) two 
very definite rings appesr. 

The bentonite film (Pigs 8) shows very definite ori- 
entation at 10.79, 4.88, and 3.05 Bo me aves at 6038 he 
ere found perpendieuler to the others. It seems cheracter- 
istic ef the orientation petterns of bentonite te have the 
are in ring 4 set perpendiculer to the other ares. 

Plate IV offers a visual comperison of the x-ray dif~ 
freetion patterns of the air-dried samples of bentonite, 
montmorillonite, pyrophyllite, halloysite, end ellophane. 
These patterns were taken in the round camera which gives 
greeter epread to the broad lines showing, in some ceases, 


that they ere actually made up of more than one line. This 
fact wes indicated by the diffraction patterns obteined by 
xeraying the pyrophyllite film (718. 4) perpendiculer to 
the plates in which the heavy ring 8 wes split inte two 
rings. In the cese of the alredried sample (Fig. 3), ring 
3 was broad end intense but did not show its composition 
as being different then a single ring. 
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1. The xray diffraction patterns of the calcium and 
emmonium bentonites were essentially the eame as that of 
the criginel bentonite. The bentonite end the calcium 
and emmonium bentonites adserbed nearly equal amounts of 
water over 10 per cent sulfuric acid. The montmorillonite 
adsorbed nearly four tines es much weter over 10 per cent 
‘sulfuric cee es did the pyrophyllite. 

2. The atomic etzwetare of pyrophyllite remained 
practically unchanged regerdless of the treatment while 
the longer speeings cf montmorilionite, bentonite, end the 
celcium end ammonium bentonites were increased by the 
adsorption of water, The intensity and sharpness ef the 
longer spacings, inner rings, were increased by increasing 
the emount of water, except where en excess was used, in 
the materiel. 

3. Pyrophyllite end bentonite gave very good orien- 
tation patterns for particles settling cut frem a sus< 
pension in water, while for allerhane and helloysite, the 
orientation was poor. Montmorillonite did not show very 
good orientation under these conditions but was better 


then allephane and helloysite. 

4. The three most important factors contributing 
to a good orfentation pattern eres (1) the kind of mine 
eral end its erystalline form, (2) the size of parti- 
eles, and (3) the length of time the suspension is 
allowed to settie before insertion of the flat plate. 


The author wishes to express his sincere thanks to 
his major instructor, Dr. John H. Shenk, for his valuable 
help and suggestions throughout this work. He also wishes 
to thank Dr. A. Ts Ferkine for the samples of calcium and 
ammonium bentonites and for the date on the moisture con- 
tent of the bentonite. 
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